This paper reports on a series of case studies where improvements were sought in muscle tone and gait in children with cerebral palsy. A Midfoot Control Ankle Foot Orthosis (AFO) was developed to control foot position in a cohort of patients with cerebral palsy (CP). The concept of controlling midfoot and hindfoot with an encapsulated internal Supra-Malleolar AFO that fitted into an external AFO was shown to be effective in ambulant children with CP. Some initial problems of compliance were noted and postulated to be due to difficulties associated with previous orthotic devices. Evidence from the case studies suggest that the developed Supra-Malleolar AFO orthoses enables children with CP to maintain mobility without skin tissue damage, delays the need for surgery and at the same time maintains the length of the Triceps Surae (Gastrocnemius and Soleus) complex. Plans for further research are discussed which will contribute to the evidence base for this particular orthotic device.
Background
Cerebral palsy (CP) is a non-progressive disorder of motion and posture caused by a brain insult or injury occurring in the period of early brain growth (De Luca, 1996) . Prevalence has been estimated at 1 to 5 per 1000 in western nations (Nelson and Ellenberg, 1976 ). To assist the child to function within the limitations of a All correspondence to be addressed to Patrick Myers, RDSU, Taunton and Somerset Hospital, Musgrove Park, Taunton, Somerset TA1 5DA, England, UK. Tel: (+44) (0) 1823 342799; E-mail: patrick.myers@ tauntonsom-tr.swet.nhs.uk persistent disability a multi-disciplinary team approach is necessary. Treatment plans across the team can include physiotherapy, casting, orthotic provision, surgery, medication and neurological management. All treatment plans should be a reflection of realistic and individualised goals but acknowledge the benefits of maintaining ambulance in patients with CP. Orthotic interventions are seen as a pathway by which improvements in individuals overall function and role can be enhanced (Le Page et ah, 1998) , and a treatment arena that by innovative design can support and encourage the overall goal of ambulation.
Orthopaedic objectives are to maintain as much neutrality as possible in bony alignment and effect a reduction in muscle tone. The functional advantage of this is that in the weight bearing situation tone is reduced to allow a greater freedom of movement during the gait cycle thus potentially aiding a reduction in the effort and pattern of cerebral palsied movement. In the non-weight-bearing patient, a reduction in tone has the benefit of reducing the torsional stress on the skeletal structure thereby potentially reducing further bony deformities of the lower limb. A reduction in tone due to the neutral position of the foot also has the effect of allowing a more comfortable and suitable seating position of the patient.
Concept and development of the Midfoot Control AFO
An eleven-year old child presented as a new patient who had in the past, had problems with orthotic provision throughout his childhood. The concept of a Midfoot Control AFO came into being after five months failure to control foot position with the use of a lower limb orthosis as well as his ongoing and general medical management. It was noted that his forefoot was excessively pronated, causing pressure of the navicular against his footwear or orthosis. Investigations indicated that this excessive pronation was due to both a dynamic and a static feature, these being a markedly varus forefoot deformity and an extreme dynamic midfoot abduction. In the past the resultant pronation had led to pressure on the navicular leading to a full thickness ulceration of the skin and shortening of his triceps group. This was due to the mal-alignment of the hindfoot preventing normal stretch of the triceps muscle complex.
In order to reduce the large degree of tone causing midfoot abduction the hindfoot had to be placed in subtalar neutral, and the resultant mid and forefoot position showed an excessively large forefoot deformity. Normal intrinsic posting of an AFO would be impossible and an extrinsic posting would cause the foot to slide off the posting onto the lateral border.
In order to spread the load and contain the foot in a neutral position, both in the midfoot and the hindfoot, an enclosed orthosis was deemed to be appropriate. The orthotist at the time recognised that it would be impossible to have both an enclosed foot orthosis that would extend up the leg if it was constructed as a whole. At the time the authors were aware of a double-shelled AFO, which originated in the USA that could be used as a 'Weaning Splint' from AFOs to Supra-Malleolar AFOs. The concept therefore of controlling midfoot and hindfoot with an encapsulated internal Supra-Malleolar (which would then fit into an external AFO) was born. In order to achieve a combination of flexibility of the foot but rigidity of the ankle-foot complex, the internal Supra-Malleolar AFO was constructed of homopolymer, the external AFO being constructed of polypropylene. The difference of the neutral position of the AFO versus the varus deformity of the inner shell was negated using both an intrinsic posting and an extrinsic posting on the front of the inner AFO. It is also worth noting that intrinsic posting of the internal AFO could also reduce the bulk of posting for the hindfoot.
In principle a standard hindfoot posting should be used to control the forefoot but in some patients this was ineffective leading to pressure on the navicular (and forefoot posting was too bulky). The cause of this lack of control appeared to be a lax linkage between the hindfoot and midfoot sections. This suggests that the principle of posting the hindfoot and the forefoot on its own was not sufficient to prevent pronation of the foot in this situation the authors therefore tried the midfoot control AFO and again found it to be effective.
Indications
The primary indication for the use of this type of orthotic device is a highly pronated foot leading to a large pressure area over the navicular. Subsequent damage to the first ray (first metatarsal and medial cuneiform), as well as the side effect of reducing the normal stretch of the triceps surae complex due to the poor hindfoot position is also indicated. A pronated forefoot is common in most patients with cerebral palsy however, the indication for use of a midfoot control was for those patients where a standard AFO had failed to prevent this pronation, due to the high degree of varus forefoot deformity which was unbeatable by posting alone.
It can also be used in patients where marked ligament laxity between hind and midfoot results in excessive pronation at initial contact and throughout the whole stance phase. It can also be used in conditions such as where there is an active abductor break of the midfoot in which the standard AFO has been unsuccessful.
Case histories
Since the first midfoot control AFO was made in December 1997 there have been 12 children who have been considered to warrant these Midfoot Control AFOs. Of the 12 patients 11 patients suffered from cerebral palsy and one hydocephalus. The two non-ambulant patients were one with a spastic quadraplegia and a child with hydrocephalus. Five (5) patients had spastic quadraplegia and 6 patients had spastic diplegia. Of these children to date there has been only 1 child that has refused to comply with the use of these orthoses. Of the remaining 11 children all are still wearing their orthosis. Provision of further orthosis has been when they have outgrown their old ones.
In the 11 children who were fitted with midfoot control AFOs 2 of these were nonambulant and were very compliant and adapted well to the orthoses. Of the remaining ambulant children, 4 who were initially non-compliant to the use of the orthoses, complied by the end of between one month and three months and are still wearing their orthoses and walking well. The ease of walking appeared to have increased. No formal identification of tone change or energy expenditure was made as there were no retrospective baseline measurements.
Problems with Midfoot Control AFO development
The initial technical problems were due to the fact that the orthotic technicians within the factory complex based away from the hospital were unhappy with the high degree of varus posting being requested. It was felt that the child would be unable to walk with the increased pressure on the lateral border of the feet, and as a result they were providing inadequate extrinsic posting of the forefoot. The result was an increase navicular pressure within the Supra-Malleolar AFO. There were also secondary problems of accommodation of the orthosis within normal footwear due to the lack of toe box depth in the average shoe. Since the initial stages of development of the orthoses, a standard toe box depth shoe suitable for the needs and acceptable cosmetically to parents has been sourced.
Of the ambulant children any lack of compliance appeared to be associated with the child refusing to move, or if they did walk the physiotherapist observed that their gait pattern had worsened. This compliance problem appeared only in the first one to three months, beyond which their gait pattern did improve as did the control of their foot position within the orthoses. The authors could only surmise that the position of the foot and the rigidity with which it was held were the cause of the reduced compliance as there was no indication of increased pressure on the foot when the device was used and the children did not report any pain. It was assumed that the position of subtalar neutral gave the child an unusual and unique sensation. It is possible that their sensation might be altered by the observation that the child's tone had reduced and thus joint proprioceptors would be giving feedback which had not previously been supplied from the foot in its corrected position. The children in each case were unable to describe why they felt that the orthoses was initially uncomfortable and therefore it is only possible to theorise as to the reason.
As stated compliance with the orthosis occurred between one and three months and during this time no damage to the feet was apparent.
Discussion
According to Clary and Rhodes (1999) the management of ambulatory children with CP involves a complex and long-term relationship between the patient and the multi-disciplinary team. The purpose of the efforts described in this paper is to enable patients with CP to fulfil as many roles as other ambulatory children. Studies show the positive effects of ambulation (Motloch 1984; Abel et al, 1997; Binder and Eng, 1985; Scrutton and Baird, 1997) and successful strategies that encourage and support it can be seen as improving the quality of life for patients with CP. The aim of the orthosis described is to maintain mobility and thereby enhance the quality of life for certain children with CP. The case studies reported here would seem to support that aim.
The authors believe that there is no common diagnosis, which indicates the use of such an orthosis but the physical indications stated previously where a standard orthosis fails to produce a desired effect, should be seen as an appropriate indication for this type of device. From recent experience of this more conforming orthosis, the child (beyond the initial wearing in period of three months), is able to maintain mobility without damage to skin tissue from excessive pressure. As the foot is held in subtalar neutral without foot damage there will be a delay in the need for surgery and maintenance of the length of the triceps complex is aided. It has been observed that the orthotic device is both beneficial in the reduction of muscle tone and contracture. The result is a reduction in the characteristic toe walking associated with children with cerebral palsy whilst maintaining mobility without the need for immediate orthopaedic surgery to stabilise the ankle.
Future plans include a series of multicentre trials using a standardised scale to measure improvements in pressure areas. A trial naturally would add to the case study evidence reported here. Confirmation that this alternative approach to lower limb orthotic management has quantifiable benefits would provide another useful orthotic option and could improve the lives of patients and their families by maintaining an appropriate aid to ambulation.
